• This study is among the first few studies in the Arabian Gulf region to have evaluated the association of peripheral artery disease (PAD) and 12-month cardiovascular outcomes in acute coronary syndrome. The study demonstrated that PAD was associated with major adverse cardiovascular outcomes. Aggressive management of these patients is essential to alleviate the adverse outcomes. 
Introduction
Peripheral artery disease (PAD) is a circulatory problem in which atherosclerosis affects the peripheral vessels, restricting the blood supply to the leg muscles and lower extremities. It is quite prevalent, affecting between 3 and 20% of patients worldwide, especially the elderly [1, 2] . The number of PAD cases has been increasing globally from 13% in high-income regions of the world to as high as 29% in low-/middle-income regions of the world [3] . PAD is associated with increased risk of atherosclerosis with its different manifestations of myocardial infarction (MI), acute coronary syndrome (ACS), ischemic stroke, and death [4, 5] . PAD is also associated with increased rehospitalizations and healthcare costs [6, 7] .
Studies on PAD in ACS and non-ACS patients in the Arabian Gulf are limited. The Gulf region and the Arab Middle East lack reports of long-term outcomes of ACS patients with preexisting PAD [8, 9] . Here, we report on the influence of PAD on long-term major adverse cardiovascular events (MACE) in patients with ACS in the Arabian Gulf. This was achieved by analyzing data from the Gulf locals with acute coronary syndrome events (Gulf COAST) registry.
Methods
Details of the methods of the Gulf COAST registry have been previously reported [10] . Briefly, the Gulf COAST registry was a prospective, multicenter, multinational, longitudinal, cohort study of consecutive citizens, from the Gulf region of the Middle East (Bahrain, Kuwait, Oman, and United Arab Emirates). Patients were admitted to 29 hospitals between January 2012 and January 2013 with a discharge diagnosis of ACS. The registry enrolled a total of 4,044 patients who were 18 years of age or older with ACS diagnosed according to the clinical data standards of the American College of Cardiology (ACC) [11] . Apart from excluding noncitizens and those who were not willing/able to provide consent to be included in the study, there were no other exclusion criteria. This study was approved by the local institutional ethics committees of the participating centers.
PAD was defined as any of the following: claudication, either with exertion or at rest, amputation for arterial vascular insufficiency, vascular reconstruction, bypass surgery, or percutaneous intervention to the extremities, documented aortic aneurysm, or an ankle brachial index (ABI) of < 0.8 in any of the legs [12] . MACE included all events of stroke/transient ischemic attack (TIA), MI, all-cause mortality, and readmissions for cardiac reasons from hospital admission through to 1-year follow-up. In order to verify data accuracy, a clinical research associate visited at least once all participating hospitals and selected, at random, 10% of paper and electronic case report forms for data verification.
Data collected included patient demographics, prior history and risk factors, prior medication use, laboratory data, clinical presentation, and management during hospital stay including medications, reperfusion therapy and procedures, and discharge medications. Follow-up was performed at 1, 6, and 12 months from the date of enrolment and was carried out by clinic visits or telephone interviews. For this study, only the 12-month cumulative outcome data are reported.
Statistical Analysis
For categorical variables, frequencies and percentages were reported. Differences among groups were analyzed using Pearson's χ 2 tests (or Fisher's exact tests for cells < 5). For continuous variables, mean and standard deviation were used to summarize the data while analyses were performed using Student's t test. The association between PAD and MACE was evaluated by multivariate logistic regression utilizing the simultaneous method and adjusting for GRACE risk score for in-hospital mortality, which has been validated in an Arabian Gulf ACS registry [13] . Apart from GRACE risk score variables, the logistic models were also adjusted for gender, smoking status, diabetes mellitus, and use of evidence-based cardiac medications at hospital discharge (aspirin, clopidogrel, beta-blocker, statin, angiotensin-converting enzyme inhibitor [ACEI], or angiotensin receptor blocker [ARB] ). The goodness-offit of the multivariable logistic models was examined using the Hosmer-Lemeshow goodness-of-fit statistic [14] as well as the Cindex [15] . An a priori two-tailed level of significance was set at the 0.05 level. Statistical analyses were conducted using STATA version 13.1 (StataCorp, 2013, Stata Statistical Software, College Station, TX, USA).
Results
The Gulf COAST registry consisted of 4,044 patients. The overall mean age of the cohort was 60 ± 13 years of which 66% (n = 2,686) were males. At the 1-year followup, 3.7% (n = 151) of the patients were lost to follow-up. A total of 39% of the patients (n = 1,590) were current or prior smokers and 3.1% (n = 126) were alcohol consumers. Comorbid conditions were common in this cohort particularly hypertension (n = 2,617; 65%), dyslipidemia (n = 2,284; 56%), and diabetes mellitus (n = 2,166; 54%). At total of 40% (n = 1,613) of the patients had cardiac catheterization, of which 66% (n = 1,063) had percutane-Med Princ Pract DOI: 10.1159/000497790 ous coronary intervention, while only 5.3% (n = 85) had coronary artery bypass graft (CABG). A total of 3.3% (n = 132) of the patients had PAD on admission.
As shown in Table 1 , those with PAD were more likely to be older (67 vs. 60 years; p < 0.001), current or prior smokers (51 vs. 39%; p = 0.006), to have prior MI (57 vs. 25%; p < 0.001), dyslipidemia (78 vs. 56%; p < 0.001), premature coronary artery disease (CAD) (21 vs. 15%; p = 0.042), hypertension (91 vs. 64%; p < 0.001), diabetes mellitus (80 vs. 53%; p < 0.001), and prior stroke/TIA (29 vs. 6.4%; p < 0.001). PAD patients were also more likely to present with higher systolic blood pressure (147 vs. 141 mm Hg; p = 0.025), serum creatinine (112 vs. 82 µmol/L; p < 0.001), GRACE risk score (152 vs. 128; p < 0.001), and lower left ventricular ejection fraction (40 vs. 49%; p < 0.001). Values are given as n (%) or mean ± SD, unless specified otherwise. BMI was missing in 54 subjects, HR in 5 subjects, SBP and DBP in 6 subjects, creatinine in 20 subjects, LDL in 831 subjects, LVEF in 1,398 subjects, and GRACE risk in 25 subjects and in 2 subjects at the discharge diagnosis. Percentages might not add up to 100% due to rounding off. SD, standard deviation; BMI, body mass index; MI, myocardial infarction; CAD, coronary artery disease; TIA, transient ischemic attack; HR, heart rate; bpm, beats per minute; SBP, systolic blood pressure; DBP, diastolic blood pressure; Crea, first serum creatinine; p50, median; IQR, interquartile range; LDL, lowdensity lipoprotein cholesterol; LVEF, left ventricular ejection fraction; LBBB MI, left bundle branch block myocardial infarction; NSTEMI, non-ST myocardial infarction; STEMI, ST myocardial infarction. Table 2 shows prior-to-admission and postdischarge medication utilization stratified by PAD status. Prior to admission, patients with PAD were more likely to be on aspirin (88 vs. 79%; p = 0.023), clopidogrel (43 vs. 28%; p < 0.001), ARBs (29 vs. 19% ; p = 0.004), statins (88 vs. 80%; p = 0.025), and calcium channel blockers (CCBs) (40 vs. 19%; p < 0.001). At discharge, those with PAD were still more likely to be prescribed clopidogrel (85 vs. 73%; p = 0.003) and CCBs (27 vs. 15%; p < 0.001), but they were less likely to be prescribed aspirin (93 vs. 97%; p = 0.027) and ACEIs (55 vs. 68%; p = 0.004). Only 52% (n = 1,922) of the patients were prescribed the 5-drug regimen (aspirin, clopidogrel, ACEI/ARB, statin, beta-blocker) concurrently.
As shown in Table 3 , the overall cumulative stroke/ TIA, MI, all-cause mortality, readmissions for cardiac reasons and MACE at the 1-year follow-up were 4.4% (n = 176), 7.1% (n = 287), 12.0% (n = 487), 24.5% (n = 990), and 36.2% (n = 1,462), respectively. Adjusting for demographic and clinical characteristics, at the 1-year follow-up, patients with PAD were significantly more likely to be associated with MACE events (adjusted OR 
Discussion
This large, prospective, multinational, multicenter study from the Arabian Gulf demonstrated that at the 1-year follow-up, patients presenting with ACS and suffering from preexisting PAD had significantly worse cardiovascular outcomes compared to those who did not suffer preexisting PAD. Specifically, after multivariate adjustment, those with PAD were more likely to have stroke/TIA, MI, all-cause mortality, and readmissions for cardiac reasons.
These findings corroborate with similar studies that also found an association between comorbid PAD (mortality, MI, and stroke) [4, 5, 9, [16] [17] [18] [19] [20] and readmission for cardiac reasons [6, 7] . The only report on PAD in ACS patients from the Arabian Gulf region was published by Al-Thani et al. [9] ; however, their study evaluated only the short-term in-hospital outcomes. The current study is one of only few studies worldwide evaluating not only the association between PAD and mortality, but also exploring various other cardiovascular outcomes including readmissions for cardiologic reasons in the same setting.
Various hypotheses have been postulated to explain the relationship between PAD and MACE. Impairment of endothelial function, as indicated by brachial-artery flow-mediated vasodilation has been suggested, leading to arterial stiffness and increased stress on the heart [21] . The relationship between PAD and adverse cardiac events has also been reported to be due to more extensive and calcified coronary atherosclerosis, constrictive arterial remodeling, and greater disease progression [22] . Grenon et al. [20] demonstrated that inflammatory markers (IL-6, TNF-α, fibrinogen) explained nearly 20% of the association of PAD with cardiovascular morbidity and mortality. The increased propensity to develop MACE events could be partly explained by the comorbidities associated with PAD. However, these adverse cardiac events persisted despite multivariate adjustments.
The recent guidelines of the American Heart Association/American College of Cardiology (AHA/ACC) (2016) and the European Society of Cardiology (ESC) (2017) [1, 2] on the diagnosis and treatment of PAD recommend smoking cessation, a healthy diet, physical activity, statin use, glycemic control, antiplatelet use, and blood pressure control with the use of renin-angiotensin system (RAS) blockers (ACEI/ARB) considered as first-line therapy to reduce morbidity and mortality. In the current study, 73% (93/128) of the PAD patients had a BMI of > 25 kg/ m 2 , 51% (67/132) of the patients were current or prior smokers, only 38% (30/80) of the diabetics with nonmissing values had their HbA1c controlled (< 7%) and 45% (58/130) of those with hypertension had their blood pressure controlled (< 120/80 mmHg). In order to reduce morbidity and mortality in patients with PAD, better control of lifestyle changes and clinical parameters as well as optimal medication use are warranted. Values are given as n (%), unless otherwise specified. MACE included cumulative events of stroke/TIA, MI, mortality, and readmissions for cardiac reasons up to 1-year of follow-up. Multivariate analyses were conducted using logistic regression models utilizing the simultaneous method. The covariates in the models included GRACE risk score (derived from age, heart rate, systolic blood pressure, serum creatinine, cardiac arrest at admission, ST segment deviation on EKG, abnormal cardiac enzymes, and Killip class) as well as gender, smoking status, diabetes mellitus, and use of evidence-based cardiac medications at hospital discharge (aspirin, clopidogrel, beta-blocker, statin, angiotensin-converting enzyme inhibitor [ACEI] or angiotensin receptor blocker [ARB]). Over the 1-year followup period, there was a total of 3.7% (n = 151) of the patients lost to follow-up. aOR, adjusted odds ratio; CI, confidence interval; HL, Hosmer-Lemeshow p value; ROC, area under the receiver operating curve (also known as C-statistic); TIA, transient ischemic attack. Only 52% of the PAD patients were on the 5-drug combination regimen concurrently. Prior regional and international studies have assessed the 4-drug, rather than the 5-drug, evidence-based cardiac combinations, and the use ranged from 46 to 65% [23] [24] [25] [26] which is similar to the current study. Access to healthcare, a concern raised in the West, is unlikely to have contributed to these low numbers in the Arabian Gulf where healthcare, including medications, is free for all citizens. Patients could have had side effects or contraindications to any of the components of the 5-drug combination and these could have biased the prescribing negatively. However, the Gulf COAST registry did not capture any of this information. Physicians themselves might also have contributed to these sub-optimal findings by not being aware of current updated guidelines on the management of ACS.
A prior study [27] has raised concerns about access to healthcare affecting adherence to evidence-based cardiac medications. However, the unexpected low adherence rate (of 52%) is quite surprising and difficult to explain, given the fact that this was a homogenous Arabian Gulf population with free universal health coverage. Lower adherence rates have been attributable to patient characteristics, hospital type, and lack of familiarity with the evidence-based ACC/AHA/ESC guidelines that recommend the concurrent use of an evidence-based cardiac medication combination of an anti-platelet drug, an ACEI or ARB, a beta-blocker, and a statin, to optimize clinical outcomes in ACS patients [28, 29] .
Our study has limitations. First, due to the inherent nature of the uncontrolled observational study design, its ability to assess causal relationships is limited. Second, the analysis relies only on patients admitted to the hospital with a diagnosis of ACS and hence cannot be generalized to the entire population of patients with PAD. Third, the study could not establish the extent and severity of PAD given the limitations of the registry design. A more strict ABI threshold for PAD (of < 0.8) was used rather than the usual cutoff threshold of < 0.9 and this could have potentially missed those with milder forms of PAD and consequently biasing the outcomes. Fourth, a high prevalence of diabetes mellitus (80%) in PAD patients could have led to the false negative of ankle pressure [30] . Fifth, we reported all-cause mortality where, if data were available, cardiovascular mortality would have been more appropriate. Sixth, a total of 3.7% (n = 151) of the patients were lost to follow-up at 1 year. However, this number was relatively small, and importantly, there were no significant differences in the demographic, clinical, and presentation characteristics of the Gulf COAST group lost to follow-up at 1 year against the cohort that remained at the end of the 1-year follow-up (Table 4) . Values are given as n (%) or mean ± SD, unless specified otherwise. LTF, lost to follow-up; BMI was missing in 54 subjects, SBP and DBP in 6 subjects, and GRACE in 25 subjects. Percentages may not add up to 100% due to rounding off. SD, standard deviation; BMI, body mass index; MI, myocardial infarction; SBP, systolic blood pressure; DBP, diastolic blood pressure; GRACE, global registry of acute coronary events. 
Conclusion
This is one of only a few studies in the Arabian Gulf region to demonstrate the relationship between PAD and various MACE components in ACS patients in the same setting. Specifically, PAD was significantly associated with increased 12-month rates of stroke/TIA, MI, allcause mortality, and readmissions for cardiac reasons. There is a considerable opportunity to improve outcomes in these high-risk patients.
